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NMRPolyglutamine tract-binding protein 1 (PQBP1) is an intrinsically disordered protein abundantly
expressed in the brain. Mutations in the PQBP1 gene are causative for X-linked mental retardation
disorders. Here, we investigated the structure of the C-terminal segment within the context of full-
length PQBP1. We produced a segmentally isotope-labeled PQBP1 composed of a non-labeled seg-
ment (residues 1–219; N-segment) and a 13C/15N-labeled segment (residues 220–265; C-segment).
Our results demonstrate that the segmental isotope-labeling combined with NMR spectroscopy is
useful for detecting a very weak intra-molecular interaction in an intrinsically disordered protein.
 2014 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
The intrinsically disordered proteins (IDPs) are a group of
proteins without a rigid structure that comprise a large part of
the proteome [1–4]. IDPs play an important role for biological
functions such as transcription, translation, signal transduction,
molecular chaperoning, and cell-cycle regulation [1–4]. Polygluta-
mine tract-binding protein 1 (PQBP1) is an intrinsically disordered
protein abundantly expressed in the brain [5–7]. PQBP1 is com-
posed of 265 amino acid residues and contains a WW domain
(WWD), a polar amino acid-rich domain (PRD), and a C-terminal
domain (CTD). The functions of PQBP1 include the regulation of
transcription and pre-mRNA splicing [7]. The WWD of PQBP1
interacts with RNA polymerase II [7] and the splicing factorWBP11/NpwBP/SIPP1 [8,9], while CTD interacts with the spliceos-
omal protein U5-15kD [10,11]. However, the structural character-
istics of PQBP1, which are important for understanding its
functions, are not fully understood.
We have previously shown that PQBP1 is composed of a small
folded WWD and a long disordered region longer than 180 resi-
dues: its PRD and CTD are disordered under physiological condi-
tions [12,13]. In our previous study, we analyzed the
conformations of an isolated fragment corresponding to residues
223–265 of PQBP1. The 223–265 fragment of PQBP1 is highly disor-
dered in the free state and includes the YxxPxxVL motif, which is
essential for the interaction with the spliceosomal protein U5-
15kD [13,14]. However, the isolated fragment may not represent
all structural characteristics of the corresponding segment within
the full-length protein. Therefore, we investigated the structure of
the 223–265 segment within the context of full-length PQBP1.
It is difﬁcult to investigate the conformation of a long disordered
segment within the context of an intact protein by nuclear mag-
netic resonance (NMR) spectroscopy. This difﬁculty is mainly due
to the severe overlap of resonances arising from residues located
in the disordered segment [15,16]. To overcome this difﬁculty, we
produced a segmentally isotope-labeled PQBP1 using the expressed
protein ligation (EPL)method (Fig. 1a). EPL is based on native chem-
ical ligation in which a fragment with an N-terminal cysteine is
chemically ligated to another fragment with a C-terminal thioester
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labeling combined with NMR spectroscopy is useful for detecting a
very weak intra-molecular interaction in an intrinsically disordered
protein.
2. Materials and methods
In order to obtain PQBP1(1–219) with a C-terminal thioester
group (N-fragment), we used MxeGyrA intein and a chitin-binding
domain (CBD) [18,19]. The DNA encoding the fusion protein
PQBP1(1–219)-intein-CBD was inserted into a cold-shock plasmid,
pCold IV (Takara Bio). The fusion proteins were expressed in
Escherichia coli C41(DE3) harboring the pCold IV plasmid. Protein
expressions were induced by the addition of isopropyl-b-D-thioga-
lactopyranoside at a ﬁnal concentration of 0.5 mM, when the
OD600nm of the cell culture reached 0.4–0.5. After 24-h cultivation
at 15 C, the cells were harvested by centrifugation. The cells were
resuspended in 20 mM HEPES and 500 mM NaCl (pH 8.0) and lysed
by sonication on ice. The fusion protein of PQBP1(1–219)-intein-
CBD was detected in a soluble fraction. A solution containing the
fusion protein was applied to a chitin column equilibrated with
20 mM HEPES and 500 mM NaCl (pH 8.0). After the column was
washed with the same buffer, the suspension of chitin beads was
transferred to a 50 mL tube, and sodium 2-sulfanylethanesulfonate
(MESNA) was added to a ﬁnal concentration of 50 mM. The
suspension of chitin beads was incubated at 37 C overnight, then
transferred to an empty column where the ﬂow-through was
collected by adding 20 mM HEPES, 500 mM NaCl, and 50 mM
MESNA (pH 8.0).
In order to obtain PQBP1(220–265) with a Gly220Cys mutation
(C-fragment), we used SSpDnaB intein and CBD [19]. The fusion
protein of CBD-intein-PQBP1(220–265) was expressed in E. coli
BL21(DE3) with a cold-shock vector, pCold IV. To isotopically label
PQBP1(220–265) with 13C and 15N, we used 13C/15N-labeled C.H.L.
medium (Chlorella Industry). Protein expressions were induced by
the addition of isopropyl-b-D-thiogalactopyranoside at a ﬁnal con-
centration of 0.5 mM, when the OD600nm of the cell culture reached
0.4–0.5. After 24-h cultivation at 15 C, the cells were harvested by
centrifugation and resuspended in 200 mM Tris–HCl and 500 mM
NaCl (pH 8.5 at 20 C). After cell lysis by sonication, a soluble frac-
tion containing the fusion protein was applied to a chitin column
equilibrated with 20 mM Tris–HCl and 500 mM NaCl (pH 8.5 at
20 C). After the column was washed with the same buffer, a
suspension of chitin beads was transferred to a 50 mL tube.
Dithiothreitol was added to a ﬁnal concentration of 100 mM, and
the pH was adjusted to 7.6–8.0 at 25 C by adding 1 M HCl. The
suspension of chitin beads was incubated at 37 C overnight. The
suspension was transferred to an empty column, and the ﬂow-
through was collected by adding 20 mM Tris–HCl, 500 mM NaCl,
and 1 mM dithiothreitol (pH 7.5 at 25 C). The C-fragment was fur-
ther puriﬁed by reverse-phase high-performance liquid chroma-
tography (HPLC) with a COSMOSIL 5C18-AR300 column (Nacalai
Tesque, Japan). Fractions containing the C-fragment were collected
and dialyzed against 20 mM Tris–HCl, 100 mM NaCl, and 1 mM
dithiothreitol (pH 8.5 at 25 C). After dialysis, dithiothreitol was
added to a ﬁnal concentration of 10 mM. The solution was
concentrated using an Amicon Ultra centrifugal ﬁlter device
(3.5 kDa cutoff; Millipore), followed by dialysis against 20 mM
HEPES, 100 mM NaCl, and 5 mM MESNA (pH 8.0).
The protein ligation reaction was performed according to the
following procedure. The N-fragment was mixed with the C-frag-
ment at a 1:10 M ratio (N-fragment:C-fragment). The concentra-
tions of the N- and C-fragments in the mixture were 0.24 mM
and 2.2 mM, respectively. The mixture solution was dialyzed
against 20 mM HEPES, 100 mM NaCl, and 5 mM MESNA (pH 8.0)at 37 C for 16 h. After dialysis, dithiothreitol was added to the
solution, to a ﬁnal concentration of 10 mM. The solution was
incubated at 37 C for 2 h and analyzed by sodium dodecyl
sulfate–polyacrylamide gel electrophoresis (SDS–PAGE). The seg-
mentally isotope-labeled protein was separated from unreacted
fragments by reverse-phase HPLC with a COSMOSIL Protein-R
column (Nacalai Tesque, Japan). Matrix-assisted laser desorption
ionization time-of-ﬂight mass (MALDI-TOF MS) analysis showed
that the segmentally isotope-labeled PQBP1 and PQBP1(1–219)
have no methionine at the N-terminus. MALDI-TOF MS analysis
was performed on a Bruker Daltonics autoﬂex-T1 mass spectrom-
eter. The mass spectrometer was calibrated with Protein Standard
II (Bruker Daltonics), based on signals from trypsinogen (m/z
23982) and protein A (m/z 22307 and 44613).
The DNA encoding PQBP1(1–219) was also inserted into the
pOPTH plasmid. PQBP1(1–219) with an N-terminal His-tag
(MAHHHHHH) was expressed in E. coli C43(DE3) harboring the
pOPTH plasmid. Puriﬁcation of PQBP1(1–219) was done with an
Ni–NTA agarose resin (QIAGEN), followed by further puriﬁcation
by reverse-phase HPLC with a COSMOSIL 5C18-AR300 column
(Nacalai Tesque, Japan). MALDI-TOF MS analysis showed that
His-tagged PQBP1(1–219) has no methionine at the N-terminus.
Full-length PQBP1 was obtained in the same manner as the His-
tagged PQBP1(1–219). The full-length 2H/15N-labeled PQBP1 was
produced using M9 medium containing 15N-NH4Cl and 2H2O [21].
NMR experiments were performed on an 800 MHz Bruker
Avance spectrometer equipped with a cryoprobe. NMR samples
contained 20 mM sodium phosphate (pH 7.5), 50 mM NaCl, 1 mM
dithiothreitol, 10% D2O, 1 mM NaN3 and 20 lM 2,2-dimethyl-2-
silapentane-5-sulfonate sodium salt except where stated other-
wise. Backbone resonances were assigned sequence-speciﬁcally
by analyzing conventional three-dimensional triple resonance
spectra including CBCANH [22], CBCA(CO)NH [23], HNCO [24],
HN(CA)CO [25], HNCA [24], and HN(CO)CA [24]. NMR data were
processed with NMRPipe [26] and analyzed with NMRView [27].
The 1H chemical shifts were directly referenced to the resonance
of 2,2-dimethyl-2-silapentane-5-sulfonate sodium salt, while the
13C and 15N chemical shifts were indirectly referenced with the
absolute frequency ratios [28].
3. Results
3.1. Segmental isotope-labeling of PQBP1
We utilized EPL to perform selective isotope-labeling of a
C-terminal 46-residue segment within full-length PQBP1
(Fig. 1a). The N- and C-fragment correspond to residues 1–219
and residues 220–265 of PQBP1, respectively. The C-terminus of
the N-fragment is thioesteriﬁed, which is essential for the protein
ligation [17–20]. The N-terminal Gly of the C-fragment is mutated
to Cys, which is required for EPL (Fig. 1a). The N-fragment is
non-labeled, while the C-fragment is 13C/15N-labeled, and thus
the residues 220–265 (C-segment) are only labeled with 13C and
15N within the full-length PQBP1. The N- and C-fragments were
expressed as a fusion protein with MxeGyrA intein and SSpDnaB
intein, respectively [18,19] (Supplementary Figs. 1 and 2). The
N-fragment was fused to the N-terminus of the MxeGyrA intein,
while the C-fragment was fused to the C-terminus of the SSpDnaB
intein. Cleavage between the N-fragment and MxeGyrA intein was
done by adding MESNA, which generated a C-terminal thioester
group of the N-fragment [18,19] (Supplementary Fig. 1). It is
known that the nature of the C-terminal thioester inﬂuences the
efﬁciency of protein ligation, and that the C-terminal thioester
generated by MESNA is efﬁcient for EPL [18]. Cleavage between
the C-fragment and SSpDnaB intein was induced at pH 7.6–8.0
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Fig. 1. Segmental isotope-labeling of PQBP1. (a) Native chemical ligation of the C-fragment to the N-fragment with the C-terminal thioester. The activated thioester is
attacked by the N-terminal Cys residue of the C-fragment. Initially, a new thioester bond is formed between the two segments, but this bond spontaneously rearranges to
generate a stable peptide bond in the S–N acyl shift [17,18,19,20]. (b) SDS–PAGE analysis of the protein ligation. After the ligation reaction, dithiothreitol was added to the
solution to a ﬁnal concentration of 10 mM. The solution was incubated at 37 C for 2 h and analyzed by SDS–PAGE. Lane 1: protein marker; lane 2: the N-fragment; lane 3: the
C-fragment; lane 4: a mixture of the N- and C-fragments after incubation at pH 8.0 and 37 C for 16 h. (c) SDS–PAGE analysis of the puriﬁed ligated protein produced by using
the EPL method. Lane 1: protein marker; lane 2: the puriﬁed ligated protein.
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were independently puriﬁed and concentrated. We performed pro-
tein ligation at pH 8.0 and 37 C for 16 h (Fig. 1b). The ligation reac-
tion was analyzed by SDS–PAGE, which indicated the formation of
full-length PQBP1 (Fig. 1b). We estimated the ligation efﬁciency to
be 38–48% (Fig. 1b). The ligation efﬁciencies were estimated by the
densitometric analysis of SDS–PAGE bands: the ratio of the band
intensity for the ligated protein to the sum of the band intensities
for both the ligated protein and the unreacted N-fragment was
taken as the efﬁciency value [18]. It should be noted that the liga-
tion efﬁciencies are less than 5% if they are based on the band
intensities for the C-fragment. The purity of the segmentally iso-
tope-labeled PQBP1 was checked by SDS–PAGE and analytical
HPLC (Fig. 1c and Supplementary Fig. 3). MALDI-TOF MS analysis
showed that the segmentally isotope-labeled PQBP1 and the
N-fragment have molecular masses of 30645 Da and 25486 Da,
respectively (Fig. 2). The difference between these molecularmasses is 5159 Da, which is similar to the molecular mass of the
13C/15N-labeled C-fragment (5174 Da) (Fig. 2). Furthermore, we
quantitatively determined the content of free thiol groups in the
segmentally isotope-labeled protein using the Ellman’s reagent
(5,50-dithiobis-(2-nitrobenzoic acid) or DTNB) [29,30]: two free
thiols per protein were detected. Since the N- and the C-fragment
have one cysteine at positions 60 and 220, respectively, the seg-
mentally isotope-labeled protein has two free thiols at Cys60 and
Cys220. These results clearly show that the ligation reaction gener-
ates the segmentally isotope-labeled PQBP1, which is composed of
the non-labeled segment (residues 1–219) and the 13C/15N-labeled
segment (residues 220–265).
3.2. The intra-molecular interaction within the full-length PQBP1
Fig. 3a shows the 1H–15N HSQC spectrum of the uniformly iso-
tope-labeled PQBP1. As we have reported previously, the HSQC
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Fig. 2. MALDI-TOF MS analysis of the protein ligation. The observed molecular masses and the expected molecular masses are indicated in each panel. The expected
molecular masses are indicated in parentheses. All samples were puriﬁed by HPLC before MALDI-TOF MS analysis. (a) The puriﬁed ligation product. (b) The puriﬁed non-
labeled N-fragment. (c) The puriﬁed 13C/15N-labeled C-fragment.
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nances in a range of 7.8–8.8 ppm in the 1H dimension [12]. The lack
of chemical shift dispersion indicates that a signiﬁcant portion of
the protein is disordered. We have previously demonstrated that
the cross-peak overlap mainly originates from the disordered
regions including PRD and CTD [12]. In addition to the overlapping
resonances, the HSQC spectrum exhibited several well-dispersed
resonances (Fig. 3a), which originated from the small folded
WWD [12].
Fig. 3b shows the 1H–15NHSQC spectrumof segmentally isotope-
labeled PQBP1, in which the C-segment (residues 220–265) is only
labeled with 13C and 15N: the segmental isotope-labeling reduces
the cross-peak overlap. Since the segmentally isotope-labeled
PQBP1 contains a mutation of Gly220 to Cys, we conﬁrmed that
theGly220-to-Cysmutationdoesnot affect the functional and struc-
tural properties of full-length PQBP1 (Supplementary Figs. 4–6).
Next, we compared the 1H–15N HSQC spectra of the segmentally
isotope-labeled PQBP1 and the isolated C-fragment of residues
220–265. The 1H–15N HSQC spectrum of the C-fragment shows
the backbone amide resonances within 8.0–8.6 ppm in the 1H
dimension (Fig. 3c). The narrow chemical shift dispersion in the
1H dimension is characteristic of IDPs [15,16]. The 1H–15N HSQC
spectrum of the segmentally isotope-labeled PQBP1 is similar
to that of the C-fragment, and thus the C-segment (residuesH (ppm)1 H1
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Fig. 3. The 1H–15N HSQC spectra of the full-length PQBP1 and the isolated C-fragment in
labeled PQBP1. The protein concentration is 54 lM. (b) The segmentally isotope-labeled
protein concentration is 60 lM. (c) The isolated C-fragment. The protein concentration220–265) within full-length PQBP1 is disordered like the isolated
C-fragment (Fig. 3). We measured the HSQC spectra of the
C-fragment at 15 C, 20 C, 25 C, and 30 C (Supplementary
Fig. 7). A large number of peaks were severely attenuated at 25 C
and 30 C. Backbone resonance assignments were made at 15 C
by performing conventional three-dimensional triple resonance
experiments (Fig. 4a) [22–25]. The assignments comprise 83% of
resonances in the HSQC spectrum, covering 34 of the 41 non-proline
residues of the C-fragment: seven non-proline residues are absent
due to substantial resonance broadening (Fig. 4a). We measured
the HSQC spectra of the C-fragment at concentrations in the range
of 0.05–0.45 mM. There was no concentration-dependence of the
HSQC spectra, and thus the absence of resonances is not caused by
protein aggregation. Peak-doubling was observed for V251 and
L252 (Fig. 4a). HPLC analysis revealed that there was only a single
molecular species in the sample (Supplementary Fig. 3), eliminating
chemical heterogeneity as the cause of the peak doubling. In
addition, the peak doubling was not observed in the 1H–15N HSQC
spectrumof the C-fragment under denaturing condition in the pres-
ence of 8.0 M urea at pH 2.3 and 40 C (Supplementary Fig. 8).
Accordingly, the peak doublingwas considered to arise from confor-
mational heterogeneity. The C-fragment has P222, P238, P244,
P246, and P248 residues, and thus proline cis–trans isomerization
may be responsible for the conformational heterogeneity. We (ppm) H (ppm)1
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isotope-labeled PQBP1. The transferred assignments were
conﬁrmed by analyzing the three-dimensional triple resonance
spectra of the segmentally isotope-labeled PQBP1 [22–25]. The
assignments comprise 80% of resonances in the HSQC spectrum,
covering 33 of the 41 non-proline residues of the segmentally
isotope-labeled PQBP1 (Fig. 4b). Peak-doubling was also observed
for R224, V251, L252, A254, and A256 of PQBP1.
In addition to these similarities, there were also the following
differences in the 1H–15N HSQC spectra between the segmentally
isotope-labeled PQBP1 and the isolated C-fragment. The overlaid
1H–15N HSQC spectra showed that the chemical shifts of several
resonances were different from each other (Fig. 5a). The chemical
shift differences (Dd) were calculated by the equation,
Dd = [(0.17D15N)2 + (D1H)2]1/2, where D15N represents the change
in the chemical shift of the amide nitrogen and D1H represents
the change in the chemical shift of the amide proton [31]. We
calculated the chemical shift differences using the average
chemical shifts of two peaks, when the two peaks were observed
for a single residue. Although the chemical shift differences are
small (Dd < 0.1 ppm), in the case of R224, L252, R253 and A254
they are signiﬁcant (Fig. 5b). Such small chemical shift differences
are characteristic of a very weak interaction with a dissociationconstant larger than 104 M [32]. These observations suggest that
the N- and C-segments interact with each other very weakly within
the context of full-length PQBP1 (Fig. 5). In addition, there are
differences in the line width of several resonances: G230, T233,
A235, S259, and K262 of the C-fragment are broadened compared
to those of the segmentally isotope-labeled PQBP1 (Fig. 4). Because
there is no concentration-dependence of the HSQC spectra of the
C-fragment at 0.05–0.45 mM, the resonance broadening of the
C-fragment is not caused by the protein aggregation. The difference
in line width may be attributable to the difference in the extent of
conformational exchange between the isolated C-fragment and the
segmentally isotope-labeled protein.
We investigated whether the isolated C-fragment could interact
with the isolated N-fragment using NMR spectroscopy. Fig. 6a
shows the 1H–15N HSQC spectra of the C-fragment in the absence
and presence of an excess amount of the N-fragment. In this exper-
iment, we used the His-tagged PQBP1(1–219) as the N-fragment, in
order to prevent the protein ligation. Although the N-fragment
slightly affects the chemical shifts of L252, the chemical shift
changes upon addition of the N-fragment were extremely small
(Dd < 0.04 ppm). Therefore, the fragmentation diminishes the
intra-molecular interaction within the full-length PQBP1, making
the interaction invisible by NMR spectroscopy (Fig. 6). In contrast,
substantial spectral changes were observed in the HSQC spectrum
of the C-fragment upon binding to U5–15kD (Supplementary Fig. 9).4. Discussion
Native chemical ligation is a process in which two synthesized
peptides are ligated by reaction of an N-terminal cysteine residue
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[17,20]. EPL is a combination of the native chemical ligation and
the intein-mediated system, which enables the ligation of two
recombinant proteins. The potential of the native chemical ligation
is greatly increased by taking advantage of the recombinant pro-
tein with the C-terminal thioester produced by the intein-medi-
ated system [18].
However, the native chemical ligation and EPL have a critical
limitation in that they require cysteine at the site of ligation, which
introduces a cysteine-mutation. To circumvent the cysteine-muta-
tion, there have been considerable efforts to develop ‘‘traceless’’
ligation techniques such as desulfurization of cysteine in the ligated
protein [33], and incorporationof a removable thiol-containing aux-
iliary group into the C-terminal fragment [34]. Our segmentally
labeled protein corresponds to PQBP1 with a mutation of Gly220
to Cys. Because an intact PQBP1 has one cysteine at position 60,the desulfurization of cysteines in the segmentally isotope-labeled
PQBP1 will lead to a double alanine-mutation at positions 60 and
220.
In the present study, the N-fragment was produced by cleavage
of the fusion protein PQBP1(1–219)-MxeGyrA intein-CBD. The
cleavage efﬁciency of the fusion protein is affected by a C-terminal
amino acid of the N-fragment. Tyr, Phe, Gln, Asn, Thr, Lys, Ala, His,
Leu, and Met are preferred for the C-terminal amino acid of the
N-fragment. Gly, Asp, Ser, and Pro are not preferred, because of
the resulting low cleavage activity [35]. The C-terminal residue of
PQBP1(1–219) is Thr219, and thus PQBP1(1–219) was efﬁciently
cleaved from the fusion protein. Further, a C-terminal amino acid
of the N-fragment inﬂuences the ligation reaction: Val, Ile, and
Pro are less favorable because of the resulting slow ligation rates
[20]. Considering these limitations, we selected the Thr219-
Gly220 of PQBP1 as a ligation junction.
One of the most important applications of EPL is the segmental
isotope-labeling of large molecules for NMR studies, since EPL
enables the selective incorporation of NMR-active isotopes in a
speciﬁc segment of a large protein [36–39]. However, the number
of examples in which EPL was successfully applied to the NMR
studies remains small. The reasons for this include the need for a
case-speciﬁc design of protein fragments and the difﬁculty in opti-
mizing the ligation conditions [20,40]. Moreover, the ligation efﬁ-
ciency in EPL is strongly dependent on the concentration of the
protein fragments: EPL requires a high concentration of an isolated
fragment in the millimolar range [40,41]. In general, IDPs have a
high net charge and low mean hydrophobicity, and thus they are
highly soluble in an aqueous solution [1–4]. In the present study,
EPL was applied to PQBP1 with a long disordered region of more
than 180 residues [12]. This study is the ﬁrst of its kind in introduc-
ing segmental labeling in IDPs, and in using this labeling system to
demonstrate the intra-molecular interaction between segments of
IDP.
The ligation efﬁciency affects the cost of producing segmentally
isotope-labeled samples. In our EPL strategy, an excess amount of
the C-fragment is required for the efﬁcient ligation. The ligation
reactionwas carried out at a 1:10 M ratio (N-fragment:C-fragment).
Consequently, the segmental isotope-labeling of a C-terminal
segment greatly increased the experimental cost. The cost would
be reduced if an N-terminal segment were to be isotope-labeled.
We concluded that the C-segment (residues 220–265) interacts
very weakly with the N-segment (residues 1–220) within the con-
text of full-length PQBP1. This is compatible with the solution
model of PQBP1 reported by Ree et al. [42]. PQBP-1 is a moderately
compact but largely disordered molecule with an elongated shape,
having a Stokes radius of 3.7 nm and a maximum molecular
dimension of 13 nm [42]. Our data demonstrate that segmental
isotope-labeling combined with NMR spectroscopy is useful for
detecting a very weak intra-molecular interaction in an IDP. Such
very weak interactions might not be detectable if the IDP is
fragmented.
The intra-molecular interaction does not induce the structural
organization of the C-segment within the context of full-length
PQBP1. However, the very weak intra-molecular interaction affects
the chemical shifts of R224, L252, R253 and A254. We have
recently determined the crystal structure of PQBP1(223–265) in
complex with the spliceosomal protein U5-15kD [14]. In that com-
plex, PQBP1(223–265) binds to U5-15kD via its YxxPxxVL motif
involving Y245, P248, V251, and L252 in the C-terminal region.
The dissociation constant between PQBP1(223–265) and U5-
15kD was determined to be about 20 lM [14]. Considering that
L252 is also involved in the very weak intra-molecular interaction,
it can be concluded that the YxxPxxVL motif is partially involved in
the intra-molecular interaction. It might be expected, therefore,
that the intra-molecular interaction would compete with the
Y. Nabeshima et al. / FEBS Letters 588 (2014) 4583–4589 4589inter-molecular interaction between the YxxPxxVL motif and
U5-15kD. In other words, PQBP1 might be autoinhibited by the
intra-molecular interaction. However, this intra-molecular interac-
tion is very weak, and thus the speciﬁc inter-molecular interaction
will overcome the very weak intra-molecular interaction involving
L252. Therefore, we concluded that PQBP1 is not autoinhibited by
the very weak intra-molecular interaction. These considerations
are consistent with the fact that the binding afﬁnities for
U5-15kD are almost the same between the isolated C-fragment
and the full-length PQBP1 [14]. Our results suggest that the
YxxPxxVL motif interacts intra-molecularly with the N-segment
and that it interacts inter-molecularly with the hydrophobic
groove of U5-15kD [14]. The absence of autoinhibition will enable
the YxxPxxVL motif to quickly ﬁnd its speciﬁc binding site in
U5-15kD.
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